. 2007. Failure of short-term feed-restriction to affect luteinizing hormone and leptin secretion or subcutaneous adipose tissue expression of leptin in the prepuberal gilt. Can. J. Anim. . Previously we reported that 24-h fast increased serum non-esterified fatty acids (NEFA) concentrations, and decreased leptin pulse frequency, but not mean serum leptin concentrations in the OVX prepuberal gilt. The present study was conducted to determine if short-term feed restriction in the prepuberal gilt would reduce BF gene transcript expression, pulsatile LH secretion and serum leptin concentrations. OVX prepuberal gilts 79 ± 4 kg BW were control fed 3 kg (CF; n = 6) or feed restricted (RST; 33% of CF diet; n = 6) for 8 d to determine the effects of RST on leptin and LH secretion, metabolism, leptin, Ob-rb and transcription factor expression in BF. Blood samples were collected on day 8 and BF on day 9. RST gilts lost BW (-2.5 vs. +8.2 kg; SE = 0.6 kg; P < 0.001) and BF (-3 vs. +2 mm; SE = 1mm; P < 0.02) compared with CF gilts. Postprandial serum T4 concentrations increased (P < 0.04) in CF, but not in RST pigs. Postprandial serum insulin and BHBA concentrations were similar between treatments. A treatment × time interaction was detected for plasma glucose (P < 0.02) and NEFA (P < 0.04) concentrations. Feed restriction failed to affect leptin or LH secretion except for LH pulse amplitude was greater (P < 0.01) in RST gilts. RST failed to affect BF leptin, Ob-rb, AFABP, C/EBPα, or PPARγ2 expression. In conclusion, the ability of the prepuberal gilt to maintain energy level in the normal range suggests the prepuberal animal is resistant to moderate reduction in nutrition. Thus, leptin may not play a primary role in the regulation of LH secretion in the prepuberal gilt, but may serve as a metabolic signal reflecting the amount of stored energy, which may be necessary for activation of the reproductive axis during puberal development in the gilt. [191][192][193][194][195][196][197]. Les auteurs avaient déjà rapporté qu'un jeûne de 24 heures accroît la concentration d'acides gras non estérifiés dans le sang et diminue la fréquence des impulsions de la leptine mais pas la concentration moyenne de cette dernière dans le sang des truies OVX nullipares prépubères. Cette nouvelle étude devait établir si une brève restriction de l'alimentation atténue l'expression des gènes transcrits dans le tissu adipeux, la sécrétion pulsatile de LH et la concentration de leptine dans le sang. À cette fin, ils ont donné 3 kg de nourriture (CR; n = 6) à des truies OVX nullipares prépub-ères de 79 ± 4 kg de poids corporel ou ont restreint leur alimentation (RST; 33 % de la ration CF; n = 6) pendant 8 jours pour véri-fier les effets d'un tel régime sur la sécrétion de leptine et de LH, sur le métabolisme, sur la concentration de leptine, sur celle de Ob-rb et sur l'expression du facteur de transcription du gène dans le tissu adipeux. Les auteurs ont prélevé des échantillons de sang le 8 e jour et dosé le gène dans le tissu adipeux le lendemain. Comparativement aux truies CF, les truies RST avaient maigri (-2,5 c. +8,2 kg; É.-T. = 0,6 kg; P < 0,001) et perdu du gras corporel (-3 c. +2 mm; É.-T. = 1 mm; P < 0,02). La concentration postprandiale de T4 dans le sang augmente (P < 0,04) chez les sujets CF mais pas chez les sujets RST. La concentration postprandiale d'insuline et BHBA dans le sang est analogue dans les deux cas. Les auteurs ont observé une interaction traitement x durée pour la glycémie (P < 0,02) et la concentration d'acides gras non estérifiés dans le sang (P < 0,04). Restreindre l'alimentation n'affecte pas la sécrétion de leptine ou de LH, mais les impulsions de LH se caractérisent par une plus grande amplitude (P < 0,01) chez les truies RST. Le régime RST n'a aucune incidence sur l'expression de la leptine, de Ob-rb, de AFABP, de C/EBPα ou de PPARγ2 dans le tissu adipeux. En conclusion, le fait que la truie nullipare prépubère parvienne à maintenir la concentration d'én-ergie dans sa fourchette normale laisse croire que l'animal résiste à une légère réduction de son alimentation. Il se peut donc que la leptine ne joue pas un rôle primordial dans la régulation de la sécrétion de LH chez les truies nullipares prépubères, mais serve plutôt de signal métabolique indiquant la quantité d'énergie stockée, ce qui pourrait s'avérer nécessaire au déclenchement des modalités de reproduction lors du développement de la truie durant la puberté.
The importance of nutrition and metabolic status in maintaining normal reproductive function is well-established (Armstrong and Britt 1987; Prunier and Quesnel 2000; Barb et al. 2001c) . Leptin, produced primarily by adipocytes, plays a role in regulating energy balance, feed intake and the neuroendocrine axis in the pig (Houseknecht and Portocarrero 1998; Barb et al. 2001b; Barb et al. 2004 ). Furthermore, a change in BW or metabolic state alters adipocyte function and leptin secretion in the pig (Barb et al. 2001b) . We previously reported that metabolic response to acute feed deprivation occurred more rapidly in prepuberal gilts compared with mature gilts, because prepuberal gilts have smaller energy reserves and a greater nutrient requirement for growth (Barb et al. 1997) . Additionally, an acute 24 h fast increased serum NEFA concentrations, and decreased leptin pulse frequency but not mean serum leptin concentrations in the OVX prepuberal gilt (Barb et al. 2001a ). Short-term feed restriction decreased leptin secretion and LH pulse frequency in the mature OVX gilt (Whisnant and Harrell 2002) and decreased LH secretion in the intact prepuberal gilt (Booth et al. 1996) , while a 3 d fast reduced adipose tissue leptin mRNA in castrate male pigs (Spurlock et al. 1998) .
To assess the effect of feed restriction on adipocyte function, it is important to examine the expression of two transcription factors, PPAR and the C/EBP which regulate adipocyte metabolism (Brun et al. 1996) . These two transcription factors regulate expression of a number of adipocyte genes that are of particular importance during changes in energy such as, leptin, AFABP, and fatty acid synthase (Schoonjans et al. 1997) .
Collectively, the above reports support the idea that nutritional status is an important factor in regulating peripheral metabolism, expression of genes involved in adipocyte energy metabolism, and subsequent leptin and LH secretion. If, as stated above, the prepuberal pig is more metabolically responsive to energy deprivation than the mature animal, this raises the possibility that the GnRH/LH pulse generator may be more susceptible to changes in energy level in the growing pig.
Therefore, we hypothesized that short-term feed restriction in the prepuberal gilt would reduce BF gene transcript expression, pulsatile LH secretion and serum leptin concentrations. To examine this idea, OVX prepuberal gilts were used to remove ovarian steroid negative feedback on LH secretion to improve the ability to detect the effect of nutrient restriction on LH pulse frequency.
MATERIALS AND METHODS

Experimental Procedure
Twelve PIC composite (Pig Improvement Company, USA) gilts, 79 ± 4 kg BW and 164 d of age, were OVX 2 wk before the start of the study. Gilts were individually penned in an environmentally controlled building and exposed to a constant temperature of 21°C and an artificial 12:12 h light:dark photoperiod. Prior to the start of the study, gilts were offered feed on an ad libitum basis. The feed ration was a corn-soybean meal ration (14% crude protein) supplemented with vitamins and minerals, according to the National Research Council guidelines (NRC 1998). On day 0, gilts were weighed and 10th rib BF thickness was assessed using ultrasonorgraphy (Renco Lean Meter, Renco Corp., Minneapolis, MN), and animals were randomly allotted to either control fed (CF; n = 6) or feed restriction (RST; one-third of CF diet; n = 6). The CF group received 3 kg d -1 of the corn-soybean meal ration, which met the NRC daily requirements. The RST group received 1 kg of the same ration. Both groups were fed twice daily at 0830 and 1630 with one half of the ration provided at each feeding. All feed was consumed by gilts in both treatment groups throughout the study. Water was available on an ad libitum basis. On day 7, each gilt was non-surgically fitted with an indwelling jugular vein cannula (Barb et al. 1982 ). On day 8, blood samples were collected every 15 min for 8 h starting at 0800 and ending at 1600, and 10th rib BF thickness was assessed using ultrasound and BW recorded. Blood samples were allowed to clot at 21°C for 2 h and then stored overnight at 4°C, centrifuged and serum harvested, except for samples for glucose which were drawn into heparinized tubes containing sodium fluoride. Samples were stored at -20°C until assayed. All samples were assayed for LH and leptin. Hourly samples were assayed for insulin and NEFA. Samples collected at 0800, 1200 and 1600 were assayed for T3, T4 and BHBA. Glucose was assayed on 15 min samples collected from 0800 to 0930, 30 min samples from 0930 to 1100, and 2 h samples collected from 1200 to 1600 h. On day 9 at 0800, pigs were euthanized with an overdose of 10% sodium thiopental and 10th rib BF samples collected. Backfat samples were flash frozen in liquid nitrogen and stored at -80°C until RNA isolation. All procedures were approved by the Richard B. Russell Agriculture Research Center Committee on Animal Care and Use.
Metabolite and Hormone Assays
Samples were assayed for glucose using a glucose oxidase kit (Sigma Chemical, St. Louis, MO). Sensitivity and intraand inter-assay CV were 2 mg dL -1 , 1% and 1.8%, respectively. Total serum T3 and T4 were assayed using T3 solid phase component system kit and T4 monoclonal solid phase RIA kit (MP Biomedicals, Orangeburg, NY). Sensitivities of the assays were 6.7 ng dL -1 and 76 µg dL -1 for T3 and T4, respectively. Intra-and inter-assay CV for T3 and T4 were 5.6% and 7.5% and 3.3% and 5.3%, respectively.
Non-esterified fatty acids were measured using a colorimetric procedure (WAKO Chemicals, Richmond VA). Sensitivity and intra-and inter-assay CV were 52 mEq L -1 , 3.2% and 4.8%, respectively. Insulin was determined using porcine insulin RIA kit (Linco, St. Louis, MO). Sensitivity and intra-and inter-assay CV were 2 µU mL -1 , 4.7% and 8.1%, respectively. Serum β-hydroxybutyrate was determined using an enzymatic assay kit (R-Biopharm, Marshall, MI). Sensitivity and intra-assay CV were, 0.2 mg L -1 and 4.3%, respectively.
Serum concentrations of LH (Kesner et al. 1987 ) and leptin (Qian et al. 1999 ; Multi-Species RIA Kit, Linco Research, St. Louis, MO) were quantified by RIA as previously described. Sensitivities of the assays were 0.15 ng mL -1 and 0.1 ng mL -1 for LH and leptin, respectively. Intraand inter-assay CV for LH were 7.4% and 14.7% and 7.9% and 10.2% for leptin, respectively.
Gene Expression
Total RNA was isolated from tissues using Qiazol reagent and RNA Maxi Kits (Qiagen, Valencia, CA) according to the manufacturer's procedure. Total RNA quality was determined using spectrophotometry at the UV absorbency of 260 nm by microfluidic technology on an Agilient 2100 bioanalyzer (Agilent Technologies, Foster City, CA). Quantity of the RNA was determined by spectrophotometry on a µquant Microplate Spectrophotometer (Bio-Tek Instruments, Winooski, VT). Total RNA yield averaged 1.1 µg ± 0.1/10 mg tissue.
Real-time PCR was performed by the University of Georgia Functional Genomics Resource Facility and carried out using the Applied Biosystems 7900HT Sequence Detection System. Primers and probes were custom designed based on sequence of target genes (Genbank) by Applied Biosystems (Foster City, CA; Table 1 ). Porcine 18S rRNA was amplified as an endogenous control. Five hundred ng of total RNA was transcribed into complementary DNA (cDNA) in a volume of 20 µL with Applied Biosystems' High Capacity cDNA Archive Kit, which uses random primers, following the manufacturer's protocol (25°C 10 min, 37°C 2 h). The cDNA was diluted 1:20 for use in the amplification reaction. The amplification reaction consisted of 1 µL diluted cDNA, 6.25 µL 2X TaqMan ® Universal PCR Master Mix, 0.625 µL 20X custom TaqMan ® Gene Expression Assay (forward primer, reverse primer, and 6FAM™ dye: MGB labeled probe), and water up to a total volume of 12.5 µL. Thermal cycling parameters were as follows: an initial denaturating step (95°C for 15 min), followed by 40 cycles denaturing-annealing/elongating (95°C for 15 s, then 60°C for 1 min) in a 384-well optical plate. Applied Biosystems' SDS 2.1 software was used to report values.
Statistical Analysis
To determine the effect of treatment on metabolite concentrations, data were subjected to repeated measures using the PROC MIXED procedure of SAS (Littell et al. 1996) . The model for all analyses included the main effects of treatment, time, and treatment × time interaction. Means separation was performed using the PDiff option of the LSMeans procedure of SAS (SAS Institute, Inc. 1999). For each gilt, mean serum concentrations, basal concentrations, number of pulses, and pulse amplitude were determined for LH and leptin by PULSAR analysis, using a 1% criterion of variation (Merriam and Wachter 1982) . Data were then subjected to a one-way ANOVA. Change in BW and BF thickness between day 0 and day 8 were determined for each treatment and subjected to a one-way ANOVA.
Analysis of Quantitative Real-time RT-PCR Data
C t (threshold cycle) values were determined using Applied Biosystems 7900HT Version 2.2.1 Sequence Detection Systems software, in relative quantification study mode, with thresholds set manually. C t values (within-sample triplicate wells averaged) were then exported and subjected to two analyses: 2 -∆∆Ct Method C t values for replicates of each treatment group were averaged. ∆C t was calculated as the difference in C t between the target gene and the 18S endogenous control. ∆∆C t was calculated as the difference in ∆C t between the sample of interest and a calibrator sample; in this case, the sample of interest was the RST animals and the calibrator sample was the CF gilts. The differential expression ratio of the RST to CF animals for each gene was calculated as 2 -∆∆Ct . Ratios are reported as 2 -∆∆Ct if upregulated or -1 divided by 2 -∆∆Ct if downregulated to correct for nonlinear appearance, with positive numbers indicating upregulation and negative numbers indicating downregulation (Livak and Schmittgen 2001) .
Differences in gene expression were performed using a pairwise fixed allocation randomization test, utilizing the relative expression software tool (REST © version 2; Pfaffl et al. 2002; Bron et al. 2004 ). All means were normalized to the endogenous control 18S rRNA expression. Statistical significance was set at P < 0.05.
RESULTS
On day 8 BW and BF averaged 87 ± 4 kg and 1.4 ± 0.1 cm for CF animals and 74.4 ± 4 kg and 1.3 ± 0.3 cm for RST gilts, respectively. Control fed gilts gained more BW (P < 0.001) and BF (P < 0.02; 8.2 ± 0.6 kg; 2 ± 1 mm) than RST (-2.5 ± 0.6 kg; -3 ± 0.6 mm) gilts, respectively. A treatment × time interaction (P < 0.02) was detected for plasma glucose concentrations (Fig. 1) . Postprandial serum insulin levels were similar between CF and RST gilts (Fig. 1) . Postprandial serum T4 (P < 0.04) concentrations were greater in CF pigs compared with RST animals (Fig. 2) . A treatment × time interaction (P < 0.04) was detected for serum NEFA concentrations (Fig. 3) . Serum NEFA concentrations were elevated in RST gilts (P < 0.05) at 0800, 0900, 1500 and 1600 compared with CF gilts. Serum BHBA concentrations were similar (P > 0.3) and averaged 109 ± 17 µmol L -1 for CF and 96 ± 17 µmol L -1 for RST animals at the start of the sampling period and remained similar throughout the sampling period (results not shown). Feed restriction failed to influence specific characteristics of leptin (Table 2 ) and LH (Table 3 ) secretion except for LH pulse amplitude, which was greater in RST animals (P < 0.01) compared with CF animals. Feed restriction failed to affect BF leptin, Ob-rb, AFABP, C/EBPα, or PPARγ2 transcript expression compared with CF gilts (Table 4) .
DISCUSSION
In the present study, it was expected that the feeding regimen employed would alter serum metabolites and metabolic hormone concentrations, reduce BF gene transcript expression and subsequent LH and leptin secretion. Although metabolic parameters such as serum BHBA and insulin concentrations were unchanged by feed restriction Fig. 1 . Mean (± SE) serum insulin and plasma glucose concentrations for control fed (CF; n = 6) or feed-restricted (RST; n = 6) prepuberal gilts. There was treatment x time interaction (P < 0.02) for glucose. Times at which effects of treatment were different a (P < 0.05). and plasma glucose concentrations were equivocal and postprandial serum T4 concentrations were unchanged in RST animals, short-term feed restriction did alter energy metabolism, since pre-and postprandial serum NEFA concentrations were elevated in RST gilts representing mobilization of alternative energy stores such as lipid from adipose tissue.
Greater body fat content coincided with greater leptin mRNA expression in pigs (Robert et al. 1998; Ramsay et al. 1998) , sheep (Blache et al. 2000) , rats (Campfield et al. 1996) , and humans (Matkovic et al. 1997) . Leptin mRNA concentrations were greater in adipose tissue from genetically obese pigs compared with lean pigs . Based on the study of Whisnant and Harrel (2002) which reported a reduction in leptin secretion in mature OVX gilts fed 33% of control diet for 7 d, we anticipated that restriction of feed intake to 33% of CF for 8 d in the OVX prepuberal gilt would reduce adipose tissue leptin expression and secretion in the present study. However, the animals used by Whisnant and Harrell (2002) averaged 153 kg BW, whereas in the present study gilts averaged 79 kg BW. Therefore, based on NRC maintenance requirements the mature gilts employed by Whisnant and Harrell (2002) were fed 80% of maintenance while the prepuberal animals used in the present study were fed 124% of the maintenance requirement. This may explain the failure of RST to effect LH or leptin concentrations in the current study. Moreover, Spurlock et al. (1998) reported that feeding castrate male pigs 23% of the maintenance diet for 28 d resulted in a 14.4% loss of their initial BW, but did not effect leptin mRNA expression compared with ad libitum fed pigs. In a subsequent experiment, feed deprivation for 3 d in 60 and 136 kg BW animals suppressed BW gain, serum insulin concentrations, adipose leptin mRNA expression and increased serum NEFA levels. The authors concluded that reduction in adipose leptin mRNA expression was likely independent of significant changes in fat mass and that reduction in leptin gene expression was most likely induced by hormonal or other regulatory changes invoked by feed deprivation (Spurlock et al. 1998 ). Additionally, observed no change in adipose tissue expression of C/EBPα, PPARγ, AFABP, and leptin in genetically obese and lean pigs fed 50% of the control diet for 5 wk, whereas nutritional deprivation for 72 h in castrate male pigs resulted in a 35% reduction in BF thickness and a marked decreased in subcutaneous adipose tissue expression of glucose transporter 4, lipoprotein lipase, C/EBPα, PPARγ, AFABP, and leptin gene . Hence, the ineffectiveness of short-term (7 to 8 d) or chronic (4 to 5 wk) nutritional restriction as cited above to influence adipocyte function and transcript expression in the pig may reflect the ability of compensatory mechanism that adjusts energy partitioning to maintain energy homeostasis, whereas during acute nutritional deprivation for 3 d, these mechanisms fail to compensate for energy loss.
Metabolic rate, energy availability and energy requirement of the animal have a direct influence on serum leptin concentrations (Campfield et al. 1996; Ahima and Flier 2000) . observed no effect of chronic feed restriction on serum leptin concentrations in lean and obese pigs fed 50% of control diet for a period of 5 wk. Estienne et al. (2003) reported that serum leptin levels were similar in pregnant gilts fed a high-energy diet (6882 kcal ME d -1 ) or a low-energy diet (5221 kcal ME d -1 ) that were formulated so that daily protein, mineral, and vitamin consumption were the same for both groups. The high-energy diet exceeded, and the low-energy diet was below, the rec- Fig. 3 . Mean (± SE) serum NEFA concentrations for control fed (CF; n = 6) or feed-restricted (RST; n = 6) prepuberal gilts. There was treatment x time interaction (P < 0.04). Times at which effects of treatment were different a (P < 0.05). 5.5 ± 0.6 6.3 ± 0.3 Pulse Amplitude (ng mL -1 ) x 0.6 ± 0.1 0.6 ± 0.1 z Value expressed as mean ± SE. y Baseline = mean -values that comprise a pulse.
x Amplitude = pulse height -basal concentration. ommendation for metabolizable energy (ME) by the NRC (1998). Within 24 h after farrowing, gilts fed the high-energy diet had greater serum leptin concentrations than gilts fed the low-energy diet during gestation. However, the same gilts at weaning had similar serum leptin concentrations even though BF thickness was greater in the gilts fed the high-energy diet during gestation compared with gilts fed the low-energy diet (Estienne et al. 2003) . The authors reported that concomitant with increased feed consumption observed during week 2 of lactation, BF thickness increased for gilts in the low-energy group compared with gilts fed the high-energy diet during gestation, and this increase in BF in the low-energy group may have account for the similarity in serum leptin concentrations at weaning, although BF was different. The apparent dichotomy among the studies may be due to different metabolic rates and hence energy requirements for prepuberal vs. mature, gestating and lactating animals based on NRC guidelines (1998) and the net change in energy reserves. The growing pig's ability to mobilize alternative energy sources in order to maintain euglycemia may in part explain the lack of a leptin response to short-term feed restriction observed in the present study. Thus, a greater level of energy deprivation may have been required to affect energy stores and leptin secretion.
The differences in LH response to feed restriction in the present study compared with the study of Whisnant and Harrell (2002) may be related to metabolic rate and energy requirement of the prepuberal vs. mature animal. Feedrestricted animals were fed 1 kg of feed d -1 in both studies. However, the animals employed by Whisnant and Harrell (2002) averaged 153 kg BW whereas in the present study gilts averaged 79 kg BW. Furthermore, in the present study, pigs were fed at 0830 and 1630 on the day of sample collection, whereas Whisnant and Harrell (2002) reported that gilts were not fed until after sample collection was complete. The mature gilts employed by Whisnant and Harrell (2002) may have experienced a greater energy deficit as discussed earlier than the prepuberal animals used in the present study or, alternatively, the rapidly growing gilt is more adaptable metabolically to short-term reduction in nutrient availability. However, these explanations do not explain why Booth et al. (1996) observed a reduction in LH secretion in intact prepuberal gilts that were subjected to the same feeding regimen as employed in the present study. One plausible explanation is that feed restriction may amplify the negative feedback effect of ovarian steroids on LH secretion as reported in the ewe (Beckett et al. 1997; Hileman et al. 1999 ) and rat (Sprangers and Piascek 1988) .
In conclusion, the experimental paradigm used in the present study failed to effect LH and leptin secretion or adipocyte transcript expression. The ability of the prepuberal gilt to maintain energy level in the normal range suggests the prepuberal animal is resistant to moderate reduction in nutrition. Thus, a greater level of energy deprivation may have been required to effect LH and leptin secretion in the OVX prepuberal gilt. Additionally, leptin may not play a primary role in the regulation of LH secretion in the prepuberal gilt, but may serve as a permissive metabolic signal reflecting the amount of store energy, which may be necessary for activation of the reproductive axis during puberal development in the gilt. 
